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An Attempt to Confirm Five Recently Identified Cognitive Factors

Ruth B., Ekstrom, John W.- French, and Harry H. Harman.

Introduction

This,report ig part of a general study of Reference Measures for Cognitive

and Noncognitive Factors-. The main activity being reported is the deyelopment

of "factor-referenced" or "matke.r" tests for several recently identified cog-

nitive factors. A secondary activity involves the study of possible relation-

, / ships to factors already established. These developmental activities inc)ude

i field-study of these measures for improvetent of the items in the tests, the

determination, f the reliabilities Of the tests, and some clarification of

thesbcognitiv /factors.

A review the psychological literature of the mast decade (Ekstrom,

1973) indicated t at five cognitive factors, not inclu d in previous Kits of

I

...,

.

A

Reference Vests, 'ght e sufficiently well-establi d to be included in a
1

new edition of this Kit. Our standakd for an "established'f/actor" requires`

that.the factor has ppea ed in minimum of three tidies ne-by at least

.two/different researc ers laboratories. The five newly identified factOrs
z.---.)

(
are: concept atainm ult., igural fluency, integrative processes, visual .

j
0

. 1

1 trmemory, and verbal closure.

Literature relevant to -achy' factor was reviewed-in(order to develop °
A

definitibcps of the fact rs a d hypotheses about the types of tests that would

be useful as markers. caus it seemed especially important to determine

whether the new factors ould be separated from other somewhat. similar factors,

marker tests for six other factors were included in the study.' These estab-

lished factors are figura adaptive flexibility, logical reasoning, general

reasoning, number, spatia orientation, and speed of closure.



Factors and Proposed Reference Tests

In this section a brief description of each factor is presented alOng

with reference to,the literature that substantiates it. Then the marker

tests developed or:selected for this factor are listed. The 11 factors are

numbered according o their alphabetical position in a complete listing of

cognitive factors, and the several factor-referenced tests are given serial

numbers following the two-digit factor number. Thus test 142 is the second

test (Building Memory) intended to mark Factor 14 (Visual Memory). The

factor and test numbers are not sequential because this.studyPdid not include

all of the established factor prgposed for inclusion in the revised Kit and
. .

because not all of the'tests for the established factors'are included, in this

study. For ready reference, the 11 factors studied are as follows:
.

No. Symbol. Factor Name

'6 01 CA Concept Attainment?

1 b 03' , CS Closure, Speed of
'04 - CV Closure, Verbal

. ......
. .._ 07 FF "Fluency, Figural

11 r- IP ., Integrative Puoc4ses

-2.
14 * MV Memory, Visual w

P5 N ' Number
.18 RG Reatoning, General
20 . Rh Reasoning, Logical .,/
21 S Spatial Orientation
26 XF Flexibility, Figural

Three tests were developed or selected as markers for each of these

factors.- The newly developed tests were modeled after those described in

r,)

/ the relevant literature. In addition, an efforLwas made to have the three

tests for each factor be as)different from each other as possible within the

constraints of trying to measure the single hypothetical construct. This

decision gave Us more confidence that, if a factor separated successfully,

the selected markers 1quld fully define all aspects of the ETor. However,

it also increased the likelihood that factors might overlap or split up.

8
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01 Concept Attainment ictot (CA) -- This 'factor is defined as the

ability to formulate hypotheses abbut relationships among stimuli and to

select the one hypOthesis which best fits the evidence. Concept formation

.,was_first found as a separate factor by Adkins and Lyerly (1952). A

similar factor, first called "abstraAion naming" and later called "convergent

production of semantic units ", was found in Guilford's laboratory (Guilford

et al., 1952; Guilford, Kettner, and Christensen, 1956; O'SulliVan,

and de Mille, 1965; and Dunham et al, 1966). Several of Gulliksen's stu=
.

dents (Allison, 1960; Bunderson, 1967; Duncanson, 1966; Manley, 1965) hive

studied the relationship qf concept learning to abilities. Other studies

including,conceli attainment or concept learning factors are Lemke et al.

(1967) and Dunham et al. (1968).

Tests that were found to load on this fattor rdquired the subjects to

uncover groups or relationships among stimuli d also the abilityto name

or otherw4e'idenxify the relevant aspect 9f th se groups. The tests

oped'are:

011 Finding Number Groups. In rows f numbers, the
r .11-

subjec_is asked-to findAand mark two grom2s,of

four consecutive numbers which hav some similarity

or relationship. Hypotheses about the groups may

be check against a "no group",row: 7 minutes for

each of t parts.

012 Figure Grou aming. ''For each item,. t e subject is

asked-to describe how erne group of thre complex

figures differs from another group of4fi. urds. ,7

. ,

minutes for each of two pattl.

. \ 1

t013 Recognizithg Word Groups. Each item askes bhe, subject

. to decide whether or not .a lisp of five words are

conceptually related. 4 minutes for. each of two parts.

9
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03 Speed of Closure Factor (CS) This factor is defined as'"the

ability-to unite an apparently disparate perceptual field into a single

percept." It is 'a well-established factor-that appeared in the 1963 Kit.

While Gestalt Completion type tests have bJen consistently igood markers

for this factor,- there has been difficulty in finding other paper-and-pencil

h % tests for this factor. A major concern was that

, V

a
which had bee included as a marker for the speed of closure in the 1963 Kit,

Concealed Words test,

might be a bettertImarkgr far the verbal plosure'factor. In addition to these

two tests from the 1963..Kit, the third test in the following list was newly

developed for this factor:'

031 Gestalt Completion,Test. The subject is asked to

identify objects from silhouette -like pictures when

parts of the picturehave been erlsed. 3 minutes

for each of two-a4,parts..

(1

032 Concealed Words Test The subject is asked to

identify common words when parts of each letter

J'A the word have been erased. 4 minutes for each
1

'of two parts.

o

a

033 Snowy Pictures. The subject is asked to identify

objects which are partly obliterated by snow-like
o

spatters. 4 minutes for each of two arts.

04 Verbal Closure Factor (CV) -- This factor is defined as "the ability

to solve problems requiring the identification-of words,when some pf the

letters are missing, disarranged, or mixed with the letters." The verbal

closure factor was fitst found by Pemberton (1952) and by Mooney (1954).-

More recently, verbal closure factors have eppearedin studies by Adcoek

and Webberley (1911), Harris and Harris, (1973), Messick ani4. Frenqh, (1967)

and, somewhat lesstlearly in Guilford's laboratory as cognit on.of



symbolic units (Gershon et a, 1963; Hoepfner et al., 1964; Hoepfner and
. ..........! .

Guilford, 1965; Tenopyr et 4i..: 1966; and Ho4fner'et al.,
.

1968). Verbal
-45 \

.

closure seems to, be related to the cloze
.
technique (Car-vier et al.,1971;

hnmaht,et al., 1970; Weaver and,Kingston, 1963}.

ra

mis

I

Tests Oa have been found to load on this factor incluhe the rear -
\ # .

gement of the letters of one word to formsanother, filling in letters

lett

ing from common words, and locating shoy words embedded in a line of

rs. The tests developed for this factor are:

041 Scrambled Words. For each item, the subject is

asked to select,from-ah array of letters the one

letter which will begina common word when all of

At/

theoletters shown are rearranged. 5 minutes for

each of two parts.

04 Hidden Words. The subject is Asked to find and

044

07 Fi

circle one or more-four-letter Uards.in apparently

random'lines of letters. _4 minutes for each of

two parts.

gg'

Incomplete Words. The subject is aske0 to provide

'one or more letters to complete common wprds. 3

minutes for each of two parts.

1 Fluenc Factor (FF) This factor is defined as 'the ability

examples, eiaborStiops, or

stimulus." Figural fluen-
t

; 1960; Gershon et al.,

to produce a response quickly by-drawing a number of

restructurings based on a given visuWor descriptive

cy factors have appeared inosever41 studies (Bereiter

1963; Hoepfner 4nd Guilford,,1965; Hoffman et al., 1968; and Cave, 1970). °

Tests that,haye been found to load on this factor requ,re Life sabjeCt to

elaborate on a given figure, to produce a number of figures in response to
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2i' -6-

given, stimuli, or to prOdu as many different figures as''POssible'from a

limited number of elements. The tests developed for this factor area

:071 Qrnamentation Test.. The subject is asked to mak,e
4/.. .

as many different, decorations as possible ort common
o..

objects. 2 minutes frr each of two.parts.
..,

r.
072 -1- Lebo aton Test. The subject is aske'd to' add to

Ixthe isting decoraten on objects as many dif-

fereht addition as possible. 3 miqutes for each

of two parts.

073 Symbols Test. The subject` is asked to draW up to

five different syrilbols for-each of several words ,

or phrases. 5 minutes for one part.

. - ,

11 Integrative Processes Factor (IP) -- This factor is deffne4 as "the
. I -'

. . A 1._

(

ability to keep, in mind simultaneously or td. combine. several-conditions,
A.

''',:premises, or- rules in order' to prOduce a correctresponse."_ This fac'tor
.

v

first appeared in the Arty Air Forces study (Guilford and Lacey, 1947 and

has also been'identified in studies by Lucas anti French (1953),and by Traub

(1970).
.

,

Tests that have been found to load 'on this fac or have required the

sq,bject to follow a 'fairly complex. set of directions or to handle a.,set of

complex rule's. The tests developed for tlis factor are:,

111 - Calendar Test. The subject is asked to select

certain dateslon a calendar by following faifly

.complex direeti.ons. (5 minutes, for each of two
. .

parts.n
oD.- . ..

.. .

112 Following Directions. Te subject is as ed to
.

determine the point 3in a matrix of letters :that,
.

would be. reached by "following a complex'set of

directions. 7 minutes for each of two parts.

4""

12
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113 - Language Rules. The subject is asked t,o mk

translations from English into an artificial-
,

,

Language by following aeeries of complex rules.

8 minutes for each-of two parts.

14 VisCel Memory Factor-TA)--- This factor is defined as "the ability

to remember the configuration, location and orientation of figural matei41."
>

This .factor was first identified when Humphreys and Fruchtex 945) reanalyLd

a study by Carlson (1937). It hash appeared in several of the Army Air Force

studies (Guilford and Lacey, 1947) and in later studies 'by Guilford, FruChter,

and Zimmerman p952), Roff (1951, 1953), Chriatal (1958), and Bradley et al.

(1969).

Tests that have been found to load on this factor have required the sub-

ject to recognize the positio or orientation of simple figures studied earlier,

to sketch arrangements of letters studied earlier, to rsrall the location of

buildings on a previously studied map, to select from a group of maps the

ones which had been previously studipd, and to recall the sequence of items

which had been seen oh a study page. -The tests developed for this factor

are:

141 Shape Memory Test. The subject is asked to

identify those irregular forms whichwere

6 previously seen in the same orientatton.on

a study page. Two parts each requiring 4
oot

minutes for a study page and 4 minutes for

a test page:

142 Building Memory. The subject is asked to

indicate the location of a number of build-

ings on
4
a previously studied map. Two parts

each requiring 4 minutes for a study page and

4 minutes for a test page.

13
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143.- Map

those

-8

emoky., The subject is tasked, to identify'

pSWhich were prevrOusly pteSented on

a study, page. Two parts each requiring 4

minutes for a study page and 3 minutes for

a test page.

15 Number Factor (N) This factor had, formerly been defined as "the

0

ability to perform basic arithmetic operations with speed and accuracy." It

is a well'-eatablished factor that appeared in the 1963 Kit. However, the

,., . .

literature suggests that this factor.may bay broader than siMple arithmetig
°

.

matipulation. For example,-luon-numerical coding tasks have-also been found
o

to load on this factor. In the &allowing Ijqt, the first test is from the

o

1963 Kit and two were newly developed for q-lis factoi: ear
11,153 Subtraction,and Multiplication Test. The subject

is asked to make simple subtracto...Aon.and

cation computatioys as rapidly as possible. 2.\5

2t; minutes for one part.

154 Alphabet Distance Speed46The subject is asked

to count, as rapidly as possible, the number.,.of

letters,) intervening inithe alphabet between pairi

of letters presented. 2 minutes. for each of

two party,

1.55 Addition and Subtraction Correction. The subject

is asked to indicate whether the answer shown for

simple addition and subtraction problems is cor-

Act r incorrect. 2 minutes for each of two

parts.

18 General Reasoning Factor (RG) This factor is defined in the 1963

Kit as "the ability to solve a broad range Of reasoning problems including

those orta mathematical nature." It is a well-established factor that appeared

in the 1963 Kit.) There has been a good deal of difficulty differentiating

14
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between this factdr and other kinds of redsonitig as well ds between,this
.

'' .

faceorandnumerics1 ability.

Tests loadingon this factor have required the subject to solve verbal-
.

ly presented probleds.requiring arithmetic and /or simple algebra; to compute
-._...

jar,
from'

0

from several pieces of data the bffective distance of a ship fro a port°. and '

. .

to determine the type and sequence of numerical operatiors necessary to solve

,

verbally presented problems. -Tests014181 and 1k4,afe from the 1963 Kit and

"I t

c)

01

.

..test 183 was noPay developed for this factor:
i . N.

181 Mathematics Aptituae,Test, The subject is asked
,

to select the correct answer;, Verbaliyfpre-
...

4

sented problems. requiring fairly simple drithdetic
,.

reasoning. 10 minutes £r one part. .

e

,

.

.

1g3 Deciphering Languages. The subject is asked to

userea8oning to'determine the English translation

of artificial languages. 8 minutes for eadh of
4

two parts. 0

.'184 Nepessary Arithmetic Operations. The subject is

asked to de,tnine what numerical operations are

necessary to skve arithmetic problems withollt

'actually carrying out` the computations, '5 minutes

forme, part.-'
. 1

20 Logical Reasoning Factor (RL) -- This actor4 called szyllogistic

teasoning in the 1963 Kit; is defned as"the ability to reason from stated

\

premises to their necessary conclusions."
0

6

Teststhat have loaded on this facto have required the subject to

determine if a conclusion follows logically from.given premises', to select
fl

the concluion that can.be correctly drawn from given premises, and to

select the conclAion that can be validly drawn from. earlier, statements.

A

Seze
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.
The4 first. of the fol awing three tests comes Drum the 1963 Kit and the Other ,.

. , .

. ,

.

two have bep newly developed for this.faCtor:
, .

if

201 - N nsense Syllogisms Test. Tor. each iterft,,the,

ubject. ask to decide whether or -n5 a

stated conclusion fklows correctly from the

premises. -4 minutes for one part.

20 -'DiagramMing Relationships. -Ae subject is asked' 7

to select the diagram which best illustrates ..

the iriterrelationghip ,among sets of, three 'ob-
---'' J

f° C jects% t4 minutes- for each of ,two parts.

204 - Letter Group Reasoning. For each item, the

subject is asked to determine whether the

conclusions drawn about the relationships

among three groups of letters is true or

false. '5 minutes for each of two parts.

21 spatial Orientation Factor (S) "This factor is defined as nth

ability to perceive spatial patterns or to maintain orientation with respect

to objects in space. It ig a well=eStablishea factof that appeared fn 41e

'r°

1963 Kit.

Tests that have b-en markers for this factor have required the subject

to determine whether tw dimentional figures have been,simply rotated,nr flip(
1

ped over asiell, to dete ine whether or not a pa r of three-dimensional

figures could be different views of the same object, and to select the correct

new position for the prow o boat given the Dio n indicated in two pictures.

The first*tho test's ere from

for this factor:

63 Kit while the third one was developed

211 4- Card Rotations st. ,For each row' in the test

the subject must ecide if each of eight drawings

16
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,

j 4 4 A

is or is not a sivle rotation o f the sample '..

figure:' 4 'minutes Lox one ,part. \`
. .

, ..,
212 C e Comparison Test. The subject is asked to

.ir icate whieh'Items show a pair of drawings
4

representing differenk
b

sv s of the same al-

phabet block cube. 3 minutes for o -part. .

' 4

213:- Spatial Aspects Test. Each item asks the sub-'
#

jec.t:to indicate haw his orientation has changeci

in relatison to an object pictu4d in two.dif-
/

ferent positions. 4 minutes'for each of two

parts.

26 FiguFal Flexibility Factor' (XF) This factor 0-1s defined in the/

1963 Kit as "the ability to change set in order to meet new requi ements

2Wmdpose4

by figural problems. The evidence for the establishment. f this
, .3 N

' factor was given in a report of an earlier phase,of the present r search

(Ekstrom, French, and'Harman, p. 7).

Tests that have loaded on this 'factoi. have requi ed the sajtect to

indicate how different terns' can be made of a specified'number of squares

or triangles when a cert in number o
4
f matches have been removed; and to

0

select the most direct pp H for skywriting pairs of letters. The tests new-

-Iy-a draloped fof this factdr are:

.

261 Toothpicks Test. The
.
subject is asked to pre-

*.
sent up to six different arrangements of t,00eh-

,

picks.accordingto sets pf specified rules. 5

minutes for one part.

262 Drawing Assembly. The subject is asked to use

a limited number of figural elements in.as many

different arrangements as possible. 4 minutes

foi each of two parts.

17
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263 -.Storage Test. The subject is asked to showbow

many different ways small 'boxes can be arranged

inside of a'larger containei. 3minutes for one

part.,

Sub/jects and Experimental Design

The study sample consists of A total in excess 'of 2,500 male Navel,re-

cruits processed through the Navy Training Centerst San Diego, California

in the spring of 1974. It Silo, a be noted thatsh e subjects were all

A volu teer re9"-bits and therefore do not represent a random sample of young °

adult males. While no formal data on educations leyel were collected,

the general impression obtained that only about-hale of the,subjects had

'omplefted secondary school. This is below the'average level of educational

0

attainment for this age group. Because of the possibility that the men

might have been assigned tocomianies,by some measures of ability, we tried

I
.

.

to cut across cotpanies as much at possible for the determination of, test

statistics. Also, the size, of the test battery waiso,prge that not all

.
% 1 .. ,

tests could be administered to al subjects. Thusia total of at least 560

men took each test to prdvide meaningful item statistics and/ test reliability.

To get the correlations among 4,11 53 tests required a rather complex

experimental design. The most expedient.approach was to adapt a 21 x 29

experimental design that had been worked out formally'in the statistical

fr literatjre. The tests for the 11 putative factors werx.grouped into 21

"elements" to reduce the variance in deSZIng time of the 29 sessions. Each

of these "elements" (consisting of plie, two, or three tests) was administered

40 2

in 6 different testing sessions except for one element that was given only

5 times. That is hOw large N's were obtained for overall item and test
I

statistics. However, for a correlation between two tests, the N was limited

18
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to the cases taking the pair of tests in a given session. These numbers
a

range from 80 to 98. A compact summary of this experimental design, in-

cluding the detailed test administration schedule, is-shown in Table 1.

Psychometric Properties of the Tests

. .
The tests ere-scored according to criteria develfped by the authors.

A condensed set Of test directions, including illustrative items, appears

in the Appendix:, Each score was checked at least oncS and discrepanc).es

were teesolved by the superviso .

1

An item analysis was made for 17 of thetests./Such analysis was,

not appropriate for some tests, either because the items were free responses

or because they we're so homogeneous as to make it m aningless. Some summary

item statistics are presented in the left -hand bloc( of Table 2, after the

test number. and the number of cases and number of "terns in the test. The

item analysis includes the diffiCulty of each itemi(actually, percent an-

swering item correctly) and the item-test biseriallcorrelatibn. To present

the individual item statistics would require too Ouch space, 'so the range

of values for all items in a test and the median Value are recorded for

both the item, difficulties and item-test biserials. In general, items that

correlate less than :40 with total test score are not sufficiently valid

for inclusion i\ the marker test.,t Four of the 17 testa had no items that

correlated less than .40 with total test score; these are Figure Group Naming,

Gestalt Completion, Language Rules,. and Building Memory. Of course, it would

be better if all the tests had this property. While there are individual

1
The authors express their thanks to Doris Conway for supervising the test
scoring.
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Table. 2

Item .an Test Statistics

Test
Number

.

Number
of

,Cag'es

6

Item
.

Ana ysis \ Test. Analysis P.'

Number
Difficulties - rbis . Test Score, Reliability

Md Range
.

,

.Md Range ' M S.D. r
.

*11 0 460 20 .35 ,01-.72, .56 .17-.70 5.2 2.84 '.59 .56

2 558 20 .34 .07-.95 .58 .43-.70 6.90 2.83 .59 .62

3 567 - 48 .80 .10-.97 '.58 .20-.81 30.60 7.91 .81 . .90

031 544 20 .85 .20-.99' .80 .58- ** 15.24 3.65 .79 .85

2 '544 501! .60 .01-.99, .52 .12-.94 23.57 6.44 :73 :83

3 562 24 .21 .01-.90 0.56 -.09-.73 3.03 .65 .68--),,5.67
.

041 553 50 . 27.05 9.92 .83

3 563 114 53.98 16.87 , .84

4 56.3 100 . 25.47 18.61 .85

071 - 542 48 21.94 19.00 .85

2 545 b40O
0

4i, 24.21 A.96 .86

3 546 . 5+
1,

9.06 3.76 ***

111 574 20 .57 .27-.90 .65 .06-.86 8.84 ')..84 .77 .75

'2 562 ' 20 .60 .11-.93 .61 ..17-.78 10.39 3.79 .79 .76

3 558 30 .66 .35-.86 -..71 .59-.80 17.22 7.48 .80 :92

.141 562 32 -.70 ,26-.86 .44 .17-.57 21.40 4.28 .53 .68

2 564 24* .45 .24-.89 .5!(k

'7e.,:42-.71

f 10.90 4.-73 .69 .80

3 563 24* .76 .47-.89 .58 ?27 -.77 17.12 3.90 - .71 .77

153 563 60 --- 19.30 9.13 "A,
4 562 120 20.73 12.73 .88

5- 563 120 42.72 14.29 .86

181 544 15 4.56 3.63 ***

3 570 24 .21 .06-.90 .60. .22-.86 8.78 3.04 .51 .69

4 544 15 4.80 3.09 ***

20 557 15* .51 .17-.84 46 .30-.61 6.45 2.12 '`*** .38,

j2 557 30* .38 .16-.83 .49 .34-.78 12.13 5.21 .74 .79

'4 541 48 .85 .14-.'99 .54 .14- ** 36.80 7.09 .51 .90

550 10t 43.96 24.60 ***

550 21 5.18 5.11 *** 4

551 40 \ .29
.
.03-.56 .52 .04-.82 7.87 5.46 .68 .78,,

261j 551 5t
/

4:11 2.62 ***

ii549 2t
.

5.03 3.27 .60

,`551 ' It . 2.02 2.55 ***

*
One dtem not scored.
tlndicated is, the number'of stimuli; score is the total 'number of correct responses

** to these stimuli.,
Exceeds 1.00. Could be caused by failure of the, item to satisfy the assumption'

of normal distribution of the underlying trait, or because the total test scores

***tend toward platykurtic distribution (see
McNemar,.1955, p. 197).

Only one part of the test was administered:

4

'21
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items with poor biserials, at,least the median biset-ial is well above this

threshold fof all the tests.
0

In the right-hand block of Table 2 some summary test statistics are

shown. The mean and standaid deviation is giver} for the total scores for k,

each test. two measures of reliability are shown in the last two columns

of Table 4 First, for tbosetests that were administered in two parts,

the split-half correlation r
12

between part land part 2 was computed

adjusted to double length by the Spearman-Brown torrection,

2r
12

1 +r12

This is the reliability of scores. based op the Whole test that is given in
-

the tale. TI'le second index of reliability is available for the 17 tests,

that were item-analyzed. This

where

s the coefficient

/ n

(N- E V./V
n-1 t

i=1 -

a, given by

= number of itemsin test t,

V
f

= variance of item 1.;--

V = variance of test t.

Except for Test 201 (Nonsense Syllogisms) the reliabilities of the tests

range from fair to excellent witOnost of them well in excess of .70.

It became apparent from an inspection of the data in Table 2'that a

number of the tests were probably too difficult for this population. On

the other hand, the median difficulties for the tests that were item-analyzed

indicate that some of them are quite easy. These tests were designed to be

used with subjects of both high school and college age. A fairly large
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proportion of the subjects, according to our information, had not completed

high.Ahool.

Factor Anakyses
a

The intercorreZatiOns among the tests are shown in Table 3 (upper t

.

triangle)(., Each correlation is based on the maximum number of cases taking

the particular pair of tests, The,numher of cases on which the coefficient )

is computed varies'from cell to cell according to the experimental 'design '1;

shown in Table 1, and is recorded in the lower triangle of Tablt 3. Thus,
. 4 p / A,

. A,

since two ofcthe General Reasoning tests (181-aud 184) were Vreated as a

single element in a6--design and were always administered together, thei'r

correlation (.63) was based on a ,iarge N (=544) while the correlations of

each of these tests with all the other tests were based on N's only in the

mid,80's to high 90's. Similarly, large N's were involved in the correlations

'among the sets of three tests designed to mark the following factors: Figural

Fluency (07),Number (15), Spatial Orientation (21), and Figural Flexibility

(26). Three ether pairs of tests had large N's. While it is somewhat un-

fortunate not to be able to give a large battery of tests to a single, large

sample, the compromise followed in this study appetrs to be quite satisfactory.
.

The Minres method Was used to obtain direct factor analyses without

using prior knowledge about the substantiveaspect of the study for hypothe-

sizing the number of factOrs. Instead we used the popular criterion of the

number Of principal. components with roots greater than one. This. leads to

eleven common fac ors--fortuitously matching the precise number of factors

desiKed in the experiment. It shou,d be noted that because the experimental-
-

design led to a slightly improper correlationsmatrix, the last four roots

became negative despite the fact that unities had been used in the diagonal.

02, <Th
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191

The plot of the 'roots is shou'n,,in Figure 1. Thus, the numbeof factors

obtained by this method is probably an over estimate.' For preliminary
0 R.

f '

interpretive purposes,.tbe,eleven factors were rotated to prthogonal

.final factors by varimAic and to oblique final factors by the direct
. . ..'

. . .

. .

.
oblimin and orthoblique methods.

. . 4 r

The orthogonal 11 factor solution is shown in Table 4 and the oblique

factor pattern is presentedin Table-5. It should be immediately evident

from the.nuMber'of instances of a factor beings identified by a single.test

that too many "factors'.' have been extracted. Consequently, six, seven,

and eight-factor solutions were then computed., Only the six factor solu-
.

tion, shown in Table 6, did not produce Heywood cases. An additional
.

analysis wqs also m using the Harris4aiser (1964) proportional solutions
° '

11

for six factors in hopgs of substantiating some of the putative factors.

.
. .

t

The 'results are shown in Table 7., However, npne of these solutions were,
1

; very satisfactory insofar as clearly identifying andvielinegting the several

factors that had been hypothesized. While the new factors of "figuhal
.1

flexibility," "verbal closure'," and "visual memory" appeared fairly Clear-
s )1

ly, the "integrative processes" factor4eemed inextricably intermingled

with "numerical facility" and also with both "general" and "logical reason-

ing."

Since one of the purposes of,this study wag to see how closely the

obtained factors using the newly d loped tests would Match the intended

factor syucture, it was decided to obtain the best-fitting orth6gonal and
a

oblique factor A1olutions to the desired targets--namely, large weights for

thebthree tests intended as markers for a particular factor and zeros for

all other weights. As can be seen from Tables 8 and 9, the resulting.

c'
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Table 4

Varimax Solution: 11 Factors,

(Loadings .30 or greatr),

Tess I II ,III IV V VI VII VIII IX XI h2,

011
2 .50

.93

.34

1.00
.55

3 .91 1.00

031
2 :47

.96 1.00,

.55
.96 .99

041 .84 .34 1.00
3 .74_ .74
4 .,58 .42 , .74

071 .80', .75

.76 .63
/ 3 .65 ., .59

111 .89 .99
2 .59 ,58
3 .68 .96

141 1.00
2 .30 .38

.94 1.00

153 .68 .70
4 .56 .48
5 .71 .35 :7§

181 .34 .92
3 .73' \ .63
4 .72

201, .63. .44
2 .37 .54 .52
4 .48 .45

211 .44 .52
2 -.32 .31 O .62
3 .40 .34 .58

261. ,1JG .31
2 .47 .37
3 .36 .32 .51

Total 5.58 2.43 2.36 1A3 1.65 1.64 1.58 1.55 1.48 1.46 1.2,9 22.84

'
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TqbLe 5

Direct Oblimin Factor Patteit: 11 Factors\
(Coefficients .3Q or greater)

Test I III IV V vI° VII VIII IX X XI '

011
2

. 3

041
3

4

071
2

3

111
2

141
2

3'

153
4

5

181
3

4,

.201

2

4

211
2

3

261
2

3

.92

.49.

.72

.36

. 59

. 58

.46

.39

.79

.77

..65

.94

.40

.91 ,

.60

1.05
.46 .36

.99

.75

.50

.96

1.00

t
1.02

-.33 .30

-.34 .42

-.32

-.32

.32

m .31

O

Factor

'
II

VIII

IV

V
VI
VII
VIII
IX

X
XI

1.00 .10
1.00

Factor Correlations

.07 .34 .28 .32 .08 .02 .37 -.05 .28

-.12 .12 -.02 .03 -.01 -.02 .05 .06 .01

X1.00 .03 .13 :11 .12 -.01 .19 -.01 .19

1.00 .12 .22 .05 .09 .28 -.10 .19
1.00 .18 .13 .09 .18 -.22 .17)

1.00 .10 .03 -.01 .15

. . ....

1.00 -.04
1.00

.17

.06

-.18
-.06

.07

.07
1.00 .14' .23 /1"

1.00 .03

a-
1.00
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Table6
re.

Varimax Solutioh:- 6 F.actors

(Loadings .30 or :greater)

011
2 .47

3 .30 .37

031 .30 .34
2 .31

.27

.45

.29

.25

.28
3, .87 .83

041 . .70 .32 .69
3 .63 .49
4 .74 .67

071 .82 .77
2 .76 .62
3 .31 .62 ..57

.111
2

.78

.59 .35 0-4

.74

.55
3 .71 .65

141 .61 .40
2 .39 .32
3 .65

153 .65 .34 .64
4 .58° .43
5 .69 .49

. :76

181 .81 .31 .37 .90
3 .69 .57
4 .75 .66

201 .63 ..40
2 .36 .58

4 .44

211 .cC -.36 .47
2 -.32 .31 .44
3 .38 .36 .48 (60

261 .3) /.18
2 .48 .31
3 .37 .28

Total 5.44 2.82 , 2.32 2.'12 -1.82 17.02

29
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Table 7

Orthoblique (Proportional) Factor Pattern: 6 Factors
(Coefficients .30 or greater)

C

Test I II III 1y V VI

011
2

3

031
2

3

041
3

4,

071
2-

3

111
2

3

.30

.41

.3r

.31

.32

.86

.64
61

.72

.81

.75

.60 \,33

.81

.59

.74

141 .60

2" 34

.77

153 .67

4 .59

5 .68 .36

181 .85 1

3 .66

4 .79

2Q1 .66

,2 .34 .53

4 .44 9.

211 -.41
2 -.37
3 -.31 ,36 .41

261 .33

2 .51

3 .38

Factor Factor Correlations

ti

I 1j. 00 .01 .33), .24 .17 1 sli

II 1.00 .06 -.05 ,,,.Q8 .i-.03

III 1.00' .10 .6V. .09

tV 1.00 .13 J.12

V 1.00 ' .17

VI 1.00

J

0
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Table 8

Orthogonal Proarustes Factor Solution: 11 Factors
(Loadings .30 Or greater)

.Test I II III IV V VI' VII VIII

011.

2

3

031

.74

.50

.30

.40

.67

.31 ;

-.33
2 .57 .31

-3 .59 .43 -.55

041 .82

3 .54 .34 .32

4 .70 .36

071 .6'8.

2 .71'

3 .66

111 .70 .42

2 .49 .49

3
1

.47 .50

141 -.32 .63' .39

2. .38

3 .93

153 .30 .37 .62

4 .35

5 .31 .36 .64

181 .54 .56

.53

4 0 .43 .50

201
2

4 .36

211 0

2 .34

3 .34

261

2 .37

3

31 ".>

IX X XI

-s39 c-

.31

V

.31

.52 .56

.33

.48

.46

.57 .43

.50

.31

.50

.56

.37

.40

-.34
.36

s



Test

011

031

2

3

041
3

4

"071

2
'3

111
2

3

141
2

3

153

4

5

181

3

4

201
2

4

211
2

3

261

2

3

O

T4ble 9

Oblique Procrustes Factor Pattern: 11 Factors
(Coefficients .30 or greater)

II III IV VI VII VIII IX X XI

.32

.31

-.53 .48 .47

.90 -.41

.48 .30 -.31

.55 -.66

.93 .32

.57 , .36

.71

Factor

A 4

.74

.77

.69

.13

.54

-.32 ,83

.38

.84

.50

.39

-.31

-.30'

.33

.40

.56

.57

.49

a57 .44

.44

.52

.41

31

-.32

Factor Correlations

1.00 .15 .16 .07 .19 .20 .07 .06 ".03
1.00 .22 .02 .18 .16 .06 .27 .11

1.00 .18 .26 .11 .27 .29 .03

4.00 .12 -.9.3 .10 .11 -.04
1,m .d9 .17 .28 .08

"A.00 .06 .16 .09
Loa .21 .09

1.00 .06

1.00

32

. 62

.30

.39

.32

.32

.45

t

.03 .09

. 22 .13

.17 .20

.04 .08

. f8 .22

.17 -.11

.08 .13

. 1.7 .12

.13 .05

1.00 .21

1.00
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.1

Procrustes rotations are much closer to the,hypothesized factors--

especially the oblique solutionbut certainly not as clear-cut as one

would exp ct if all the intended markers,were truly effective.

Conclusions

On the basis of these solutions, it may be concluded that the attempt

to find the verbal closure and fig.utal fluency factors have been success-
.

ful, that the visual memory facto'r has been adequately replicated, that

there fwas confusion between the integrative processes factor and some df

the reasoning factors, and that the attempt to replicate the concept at-

tainment factor'had failed completely.

- As can be seen, a major problem in this analysis is the combinIng
-

of the integrative4rocesses, numerical facility, general reasoning, log -

ical reasoning, and figural flexibility Pests. The relationship among

integrative rocesses, numerical reasoning, and general reasoning seems

particularly strong. One possible explanation is that a lack of simple

computational skills in this paracufar pppulation made any test requiring c>

such skills too difficult for most of the subjects.

On the basis'of these data, it is recommended that the Concept At-

tainment factor not be included in the jiew edition of,the Kit. Consider
.

ably more research is needed to understand how this and other learning

processes relate to cognitive factors, and how to develop tests-to tap

such processes. It is po sible that this ability and other aspects of

information processing interact with' perception, memory, and other basic

cognitive processes to form part of the structure for a'model of human

intellectual ability. 6
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The Verbal Closure Ad Speed of Closure factors-Separated much more

readily than had been anticipated. It was thought that the verbal content

of the Concealed Words test (032) might make it load with the tests of

verbal closure. While this did occur in the 11 factor orthogonal soldtion,

it was considerably less pronounced in the 11 factor targeted oblique

solution and disappeared entirely in.the six faotor solution.

The Figural Fluency factor.also.proved to be very distinct, This is

probably due in large part to its being quite differentfrom most of the

other factors since it requires divergent production of Aeural material.

es

The other factor included in this battery with which Figural Fluency mighi.

hale combined was Figural Flexibility. However,- such a confounding did

not Occur in any of the factOr analyses. This is prObably.because figural

fluency is more nearly a projection of the current Ideational Fluency

factor, which is semantic in content, into the figural realm and also

because it requires only minor amounts of relatively trivial flexibility'

,rather than the more major set-breaking required in Figural Flexibility.

The Integrative Processes factor, on the other hand, presents a

number of problems. A already mentioned, this factor, tends to combine

with several of the other factors included in this study. Even in the

!

targeted solutions, the data supporting this factor are weak. The Lan-

guage Rules test (113), in particular, loads instead oft the Logical Reason-

ing factor, A possible explanation of why Integrative Processes has a

tendency to go:with General Reasoning, especially why Language Rules does

not go along with the other tests of the former factor, might be related

to the amount of systematic relationships among, the data being integrated.

In both the Following Directions and the Calendar tests there Are no

34
I
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overwhelming relationships among the stimuli but.the stimuli%for the

Language Rules test are much more systematic. If- Generals Reasoning in-
/

,(Dlvea the ability Lu'utonize information -systematically so as to use

it in problem solving, then if any set ofdata to be integrated can be

o systeltatically organized it will load on General Reasoning as.well as'

on Integrative Processes. The median item difficulties for ali4ree

tdsts ntended to mark this, factor are high enough to rule out difficulty
0

as tie underlying cause. If it were not 'for the fact that a test'very

similar to LanguageRules has worked reasonably well in other studies,

we would recommend that it be dropped as a marker for this factor. Under

these circumstances we strongly recommend that Language Rules not be used ,

as the,sole marker in any study of integrative processes and caution

users that ther be considerable variance on the General Reasoning

factor.

The Visual Memory factor split into Iwo, one for each of two' tests

in the set; 'when 11 factor solutions were tried, but was clearly distinct

in the other solutions. The Building Memory test (142) is less satis-

factory as a marker for this factor than are the Shape Memory and Map

Memory tests (141 and 143, respectively). The Shape Memory test tends

to show come variance on other factors in the two targeted solutions but

not in,the two six factor solutions.

Of the new tests tried out.in this study as possible new and ad-

ditional markers for established factors, Snowy Pictures, Addition and

Subtraction Correction, and Diagramming Relationships seem to work well.

Both Snowy Pictures and Diagramming Relationships, need to be simplified

somewhat according to the median item difficulties but, given the relative /

1

35
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low level of educational attainment of our subjects, most of the tests were
41

a

of appropriate difficulty. Deciphering Languages, which-had been designed

as a test of beneral Reasoning, appears to be a possible marker for Logical

Reasoning instead since, except in the targeted solutionst it has its

major loading on a factor which includes Nonsense Syllogisms and Diagram7,

ming Relationships. The Deciphering' Languages test also needs to be made

easier. The Alphabet Distance Speed, Letter GrOup Reaoning, and Spatial
(1,

Aspects tests are not sufficiently strong`to warrant their use as marker

tests.

tk..6
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011 - FINDING NUMBER GROUPS

A Scientist often fades a lot of data, usually numbers. He must
look for some kind of sense or recurring patterns in those numbers. In
each'item here your task is to look at a row of 15 single-digit numbers
and find two groups of, four consecutive numbers that havi some similarity.
To test your theories about these groups, there is a bw ot 15 numbers in
which there are no sXch groups.

When .you find the two groups, circle-them.
Mt 40

Sample item:

qwo groups:

No group: 8 1 7

2 (5 6 7 2 2 8 5

2 3 4q1 9 6 2 3 7 1

The two groups that are circled are groups of four numbers in
sequential order.

Another sample item:

Two giroups: 1' 8 3

No group:. 2 8 6 1

5 3 4 4 6 8 7

4 4 4 9' 1 .2 7 3

In this sample there are two groups,of even numbers. No other two
roups of four numbers makes any particular sense. You should have circled

2,6,8,4 and 4,4,6,8 in the line marked' two groups. Do not circle any
numbers in the line marked no group.

Your score will be the number of ,groups marked correctly minus a
fraction of the number wrong.

1 You will have 5 minutes for each of the twodparti. Each part has

10 items.
P

O
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012 - FIGURE GROUP NAMING

This is a test of your ability to choose the correct name to describe
how a group of figures is alike.

Look at this example:

.1
e

/
.."

v 1

,0
I

I

----

1. All of the figures in the group above have:

How are these figures alike? Some lines are upright, some are tilted-,'and
some are horizontal. Some lines are solid and some lines are made of dashes.
But they are-all straight lines.

Now try this more complicated problem. How are the figures in Group I
and GroupPII different'from each other?

Group I

.=MINOIlm.

11,
Yq

Group II

2. Group I is different from Group II because Group I has:

Group I is different from Group II because both Group I and Group II have
stars, straight lines, and curved lines. But only Group I has triangles
and only Group II has circles.

Your score on this test will be the number of figure grOilps which you
name correctly. If you find it difficult to describe in words what it is
that makes a group, you may make a small drawing of the kind of shape or
figure that you find in the group. For example, you might have drawn: A
as'the answer to example 2.

You will have 5 minutes for each of the two parts of this test: Each
part has 10 items on 3 pages. When you have finished Part 1, STOP. Please
do not go on' to Part 2 untU asked to do so.

42
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013 - RECOGNIZING WORD GROUPS ;

This is a test of how often you can get the gist of an idea from
five woias that ere connected with that idea. Each item consists 4
merely of 5 common words: If they go together because of their
meaning (not spelling, length, or sound), write a word that t s,ho0

they are alike.- If the five words d9-not all go together for me

reason, write "no group."

Sample item:

1. sandwich, pop, antsoutdoors,,Reper

Thabe'words all have to do with a picinc, and so the word picnic
has been written on the line beside it.

Another sample:

2. water, soap, warm, wash, towel

All of these words concern taking a bath, and so the words bathing
or washing would be correct.

Another sample:

3. sandwich, helmet, gold, window, shoe

Since there is no particular association for all of these words,
the answer is "no group." It would be wrong to suggest a very far-

fetched connection
4

Your score will be the number of items named correctly minus the
number wrong.

You will have 4 minutes for each of the two parts. Each part has

24 items.

tin
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031 - GESTALT COMPLETION TEST

This is a test of your, ability
74L.....tboetigh it is not completely drawn.

to fill in the missing parts.

b

to perceive a whole,picture even
You are to use your imagination

Look at each incomplete picture and
line under-each picture, write a word or

e

Try the sample pictures below:*

1.

try

two to desCribe it.
to

6

see what it is. On the

2.

Q

Picture 1 is a flawand picture 2 is a hammer head.

Your, score on this test will be the number of pictures identified"
correctly. Even'if you are not sure of the correct identificatiori,-1
will be to your advantage to guess. Work as rapidly as you can without
sacrificing accuracy.

You will have 3 minutes for each of the two parts of this test.
Each part has two pages. When you have finished Part 1 (pages 2
and 3), STOP. Please do not go on to Part 2 until you are asked
to do sp.

44



032 - CONCEALED WORDS TEST

This is a test of your ability to te 1 what a word is after parts of
it have been erased. Look at:the words p nted below. The word north has
been completely printed the first time; t second time parts of the letters
hdve been erased.

north
t Nlre 111
..a..IL

Now.look at the words below. All the words us in this test yiii-be
at least four, letters long. NO word will contain4ny capital letteks. Parts

)Ar each word have been erased....,.. Try to fig re out What each word is.

4- -

0

14ou should have recognized words to be parents, easy, and giant.

You will have minutes for this test. Each part has two pages. When
you finish Part 1, STOP. Do not go on to Part 2 until asked to do so.

Your score will be the number of correct answers that you write. Work
as quickly as you can without sacrificing accuracy. If some words are
difficult, skip them, and return to them later if you have time.

0

45 I
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033 - SNOWY PICTURES

A very helpful ability is the one that enables us to see objects
quickly in spite of their being partially concealed by snow, rain, haze,
darkripss, AT other visual difficulties. This is a test,of your ability,
to recognize hard-to-see objects.

Sample, item 1:
t-"'Yn 3..!

ur.1.:1
kx"\`::+s

:1/4Alt t.......A?..:',...ear4

44 ,. -.A"..'"--tL.z1.----;!.....17ii4=

'' ^- <- 5 ,1 6

f/r.+Jr-f .2-1%1'

By looking carefully at this sample you will see an anchor. The word
anchor has been written on the line under the picture.

Now try another sample: -
..21,'Z'r. :

t-;-: 0,1 ,I

I .1: 4iA
:

., 1.66
XV.k

:Is '..1-;:tir
(."

11:
.

.c.ry

Zr11-711r,r17-; 7(44, ;;;C l',.4-1S1.4`:**C'711T2. 1. A

The picture shows a small boat sitting in theater. Boat, rowboat, or
other similar words would be correct answers.

You will have 4 minutes for each Of the two parks of this test.

Do nbt go on to Part 2 Sintil asked to do so.

O
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, 041 - SCRAMBLED WORDS

This is a test of your ability to unscramble a group of letters and
make a word out of them.

Look at the groups of letters below. If they ar/k unscrambled, each'
group will spell a common English,word.

I) - eboy.

II) vyne
ITT) toha

The firgt 'group spells obey when it is unscrambled. The,second group
spells envy; and the third group,spells oath.

Now try the practice items below.' ircle the first letteriof the word
that can be made by unscramhling the letters. Remember that you' must use
all of the letters of the scrambled word.

Scrambled word:

IV) tyei
V) homes

VI) lanp
VII) uder

You should have circled c for IV; w for V; p for VI; and r for VIL.
.The words are city, whom, plan, and rude.

,Your score on this tedt will be the number of words that, you un cramble
correctly. Therefore, it will not be to ygur advantage to spend a lot of
time on a hard word. Remember that all of the nscrambled words are common
English words; proper names (of people and pla es) are not used.

Each4 , Yoi will have 5 Minutes for each of the two pakts21 this test
part as one page with 25.words. Do not spend too much time on any one
word. When you have finished Part 1, STOP. Please do not go on to Part 2
unti asked to do so.
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043 - HIDDEN WORDS

This is a testoi your ability to find words that afire hidden in a line
of letters;

Look at, the example below:

EPNZO ICZKETMINDIK,SFY

IRTNUYFH-7171IMS,AFYVIII=.,1., 0 T BELT

A circle has been drawn around each group of four consecutive letters that
spell a common English word. The same letter can be used inonly one word;
that is, the words cannot overlap. Only four - letter, words are used in this
test. There may be one two, three, four, or five words in 'a line.

Read each row from left to right. Draw a circle around each group of
four letters that spells a common English word. Now-try the practice items
below.

1. .DOORLODEIDXJJJQZVHEADIP'SCAGMINE

2. LTREQAWIRD-PQAWANTETFOUSAIDZROVL
le

You should have found the words DOOR, LODE, HEAD, MINE in the fifst line
and BIRD, WANT,. SAID in the second line.

Your score on this test will be the-number of four-letter words which
you find. Proper names (of people and places) will not be used.

You)will have 4 minutes for each of the two parts of this test. Each
part has one page ith 20 lines of letters. When you have finished Part 1,
STOP. Please do no go on to Part 2 until asked to do so.

48
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044 INCOMPLETE WORDS

This is a test of your ability,to complete words when some of the
letters are missing.

Lo9k at the example below:

h art
a

You could put the letter "e" in the blank andmake th0 word heart. Now
look at this example which has two letters missing,: -

co fortab e

You can make the word' comfortable by putting an "m",..in the first blank
and an "1" in the second blank.

Sometimes it might be possible to use any one of several different d
letters to complete a word. For example:

1 mf?
.a

could be completed by adding an "a" make the word lamp, or an "i" to
make the word limp, or a "u" to mak the word lump.

Now try thlese practice items. In each blank, write one letter.
When a word has more than one blank, each blank has its own number.

'de k bre d

I IV

wi dow b lge
II V

sh
III

an m 1

VI VII

You could have made the words desk, window, fish, bread, bulge,.and
animal out of the practice items.

Your score on this test will be the number of words that you complete
correctly.

You will have 3 minutes for each Of the two parts of this test. Each
part has one page with 18 words to complete. Do not spend too much time
on any ope word. When you have finished Part 1, STOP. Please do not go
on tocgart 2 until asked to do so.

49
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071 - ORNAMENTATION TEST

This is a test of your ability to think of as many different ways
as possible to decorate an object.

Look at the sample'below. The first picture shows a plain lamp-
shade. The second shows the'same lampshade after a design has been
'added to it. Can you think of two more designs for the other two
lampshades?

The decorations you put on objectsin this test can be of any
type, but each must be different. Random marks or scribbles will not
be considered as designs. Each decoration can be as simple or as
complicated as you, choose. However, your score on this test will be
the number of different designs you make. Therefore, it will not be
to your advantage to spend too much time on any one'design.

This test has two parts. Each part asks you to ornament a
differenf object. You will have 2 minuts for each part. When you
have finished Part 1, STOP. Do not go on to Part 2 until asked to,
do so.

50
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072 - ELABORATION TEST

This is a test of your ability to think of a number of different
ways to add details to a design.

Look at the sample below. The first picture phows the original
c design on a playing card. The second picture shows one.possible way

to add to that design. Can 'you think of some others?

O

The material yOu add to --each design can..be whatever you wish,
but each must be different. Random marks or scribblea will not be

'considered designs.

Each decoration can be as complicated as you choose. However,
your score on this test will be the number of different de igns to
which you have added something. Therefore, it will not be to your
advantage to) spend,too,much time on any one design.

This test has twoparts. Each part asks you to add to the
design on a different object. You will have 3 minutes for each
part. When you have finished Part 1, STOP. Do not goon to
Part 2 until asked to do so.

(1.

51



of

-48-

073 - SYMBOLS TEST
\

This is a test of your abilityito think up a number of different
symbols that could be used to stand for certain words,or ideas.

Look at the example below. The wKd is food. ,A sketch has been
made to represent a fork and spoon. Can you think of other symbols
that could resent food? Draw them in the boxes.

)

Food:

Your score on this test will be the number of different symbols
oyou produce. Therefore, you should not spend too much time n any

one - symbol or set of symbols.

You will have 5 minutes.

52
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111 - CALENDAR TEST

This is a test of your accuracy in followinudirections. Each direction

will ask you to find g.date oh a calendar.

In' this calendar you ,are_ to remember that:

1. A circled number is a holiday
2. Saturdays and Sundays are weekend days
3. All days except holidays and"weekends-are work days
-4. The first day of Spring is March 21
5. The first day of Summer is anle 21
6. The first day of Fall is September 21
7. The first dayoof Winter is December 21

Look at the sample items below. Pup an x on the letter in frontofthe
correct answer.

S M T W

1

6 7 8

' 13 14' 15
.

20, 21 22

257 28 29

S

2 -. 3
II

5

9 10 11 12

16 17 18,_ 19

.23. 24 .25 26

30

I. What is the third Tuesday of the month?
a. 15th b. 17th c. 22nd d. 24th e. Not given

II. What is the third working day:after the holiday?'
a.. 13th b. 14th c. 15th d. -16th _e..-- Not given

III. What is the seventh working day after the third Monday of the
month?
a. 9th b. 27th c. 29th d. 30th Not given

The answers are I, a; II, d; III,

Your score will be the number of dates yOu mark' Co'irectlyminus
fraction of those marked incorrectly. Therefore, it will not be to your
advantage to guess unless you have some idea about which date is correct.

This test has two parts. Eath part has 10 dates for you to select.'

You will have 5 minutes for each art-

When you have finish-td Part 1, STOPa Please do not goon to Part 2.

until asked to do so.

53.
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' 112 - FOLLOWING DIRECTIONS

This is a test of your ability to follow a set nf directidns. You will
be given a pattern of letters to look'at Aid will be asked questions about
how certain directions will change that pattern. The answer to each question
will be one of the letters in the pattern. You are to decide which letter is
correct and draw a circle around that letter.

Look at this_example:

Column
1 2 3z 4

Rowl A B C D

a Row 2 D A B C

Row 3 C D A B

Row 4 B .0 D- ,A

I.' What letter always appears directly above the letter A?

B C D

II. If one letter occurs more frequently than another, the
answer is the most frequently occurring'letter; if not,

0 the answer is thliletter in the upper left to lower s't.

right diagonal.

A B C D

You should have circled B for I and A for II.

This test has two parts., Each part has 10 items. You will have
7 minutes for each part. When you have finished Part 1,.STOP. Please do,
not go on to Part 2 until you are asked to.do so.

Your score on this test,will be the number of d e t ns which you -
follow correctly minus a fraction of those incorrect. Therefore it will
not be to your advantage to guess unless you are fairly cetaifi what you
are supposed to do.,

4
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113 - LANGUAGE RULES

This test will show you whether you can keep in mind (or quickly look
up) those malty, many new rules and new words that you have to use when you
learn0a new language or learn any new set of complicated operatics..

This test has its items right in with the directions. You will read
some directions, get some items to answer, and then you will get more
directions and more items.- They will get moreand more complicated because,
for the last item, you will need to use all the directionsat,once. You

can look back at any of the directions, but it will help tb'remember some
of them.

,,You will,have 8 minutes for each of the two parts. You will mark
each answer by putting an x'on the letter in'front of the correct answer.

es.
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141 - SHAPE MEMORY TEST

This is a test pf your ability to remember a group of shapes and their
positions in telation to each other.

You will be given a picture to study. After you have had some time to
learn the shapes and their orientation, you will be asked to turn to a test
page which will show some of the same shapes that you studied. For each
picture on the test page you will be asked whether it is the same as the one
in the study picture or whether it is different from those you studied.

Now look at this sample:

For each sample item, blacken the space
shows part of the .picture"you studied, and N
you studied.

I I .?

tir

beside the Y (Yes)
j

the item
(No yf the picture is not one

III.

00 °I

Y= N= Y= N= Y= N=

ca

You should have blackened the space with Y on the answer sheet for item I,
N for item II, and Y for item III. Remember the test items will show only a small

part of the picture that was studied. Blacken the space beside Y for items that
show the same shapes in the same oriehtation,as on the study picture. Blacken the

space beside N for items that show different shapes.

Your score on this test will be the number of items you mark right minus the

number wrong. Therefore, it will not be to your advantage to guess if you are un-

sure about an answer.

There are two sections for each part of this test. The first of these is a
study picture which will be projected for you to study for 4 minutes. The second

part is the test section and contains 16' items. You will have 4 minutes to mark

your answers. When you have finished Part 1, STOP. Please do not go on to Part 2.

until you are asked to ,do so.

56
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142 - BUILDING MEMORY

This is a test of your ability to remember the positiohof structures
on a street map.

You will be given a map',with streets and buildings or structures to
study. After you have hadsoie time to learn the street layout and the
different_ kinds of structures, you will be asked to turn to a test page.
On that page you will find the street map and numbered pictures ofssome
of the structures. You will be asked to indicate on your answer sheet
what-letter is written where each of the structures belong.

Now look at this simple but enlarged sample:

Aftdr you have 'studied the sample above for about a minute, turn to

the net page.

b d4

4
O

0
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Look at the numbKed houses on the left. For each. item, darken the
space under the letter-)that occurs where each house was located on the
study map.

'2.

3.

A B 'C °.D E
= = a =

M:1

C -D E
= = = -= =

A C. D E

A

B

C

Your answers for sample items 1, ''and 3 §hould. beA, C, and B,
respectivery.

Your score on this teS(Swill belthe number of buildings placed
correctly minus a fract,ion'of the'number wrong. Therefore; it will not
be to your advantage to guess.

There'are two parts to each section of this test. The first is a
map which will be projected for you td study for 3 minutes., The second
is the test section and contains 15 structures to be located on the Map.
You will have 4 minutes to mark:your answers on the answer sheet. Mark
A, B, C, D, or E for each building. In the test section, the buildings
will hemixed up and not necessarily near the part of the map where you
first saw them.

When you have finished Part 1,'STOP. 'Please do not go on to Part 2
until you are asked to do sq. -

sV
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143 - MAP MEMORY

Ihi6 is a test of your ability to remember part of a map
can recognize it when you see it again.

Study the sample item below. You have 1 minute.

1

so that you

Now turn the page.

tr-a,"ci

a

tr



g Which two of these four maps are part-of those you saw qn the study
page? Mark the Yes box ben&ath the.maps yod'studied. Mark the No bqx
beneath the maps you have not seen before.

You should ve marked Yes under maps a and c, No under maps b and d.

Each of the tw parts of this test will have a study page which will
,

be projected for you to look at for 4 minutes amd two memory pages foV
which you will have 3 minutes,.

Your score will be the number of map6 which you ,identif correctly
minus the number which you identify incorrectly. Therefore, it will not
be twyour advantage to guess unless you have some idea.of whether or not

A
you have studied the map.
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.153 - SUBTRACTION AND MULTIPLICATION TEST

This is a test to see how quickly and accurately you can subtract and
multiply. It is not expected that you will finish all the, problems in the
time allowed. (

y .\

You are to write your answers in the boxes below the problems. Several

practice problems are given below with the'first one correctly worked.
Practice for speed on the others. This practice may help your score.

'

Practice Problems:

Subtract:

98 40 37 84 81 76

-35 e..--/-19. -47 -38 -40

Multiply:

59 90 46 56

-46 -31 -29 1-23

li

67 30 81 42 37 81 ' 86!

x 4 x3 ,x 8 x5 x8 x4 x3
43 69

x 6 x 7

Your score on this test will be the number of problems solved correctly.
Work as rapidly as you can without sacrificing accuracy.

You will have 2 minutes for this test.

I.

a
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1-54 - ALPHABET DISTANCE SPEED

Some people are fast with numbers; some are fast with letters. In
either case the trick is to concentrate:hard on what you are doing. Try
for speed on these counts of letters in the alphabet.) Practice now
saying the alphabet acouple of times very fast.

.The items are given on the answer sheet. Each item gives two letters
with a dash between them.

Sample item: C - 1 2 3, 4 5

This asks you to count the letters in the alphabet including C and F
and all letters between them. Say each letter to yourself while looking
at each answer box. Starting at the first number, the 1, with C, you
would come to F at the number 4. That is the answer, because there are
four letters Therefpre, you would circle the 4.

It does not matter how often you ,get to 55in'making your count, and
so you can start in again at box 1 after counting each 5. This is like
counting on the fingers of one hand.

4mother sampl:

"II

E - S 1 2 3 4.

r
Starting with. E ac Box 1, you would say the alphabet as far as S while

looking a.E, all of the boxes several times and yoti would find that S falls
' ,on box 5. 'Therefore, you would circle number

Now get-ready to do this as fast as you can.

You will have 2 minutes for each of the two parts.

62
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155 ADDITION AND SUBTRACTION CORRECTION

This will try out your ability and speed at adding and subtracting
2-digit numbers. You may use this sheet for scratch paper, but you will
probably move along faster if you solve the problems in your head, because
they are not very hard.

kj
For each item, two mnnbets are given to\6 added or subtracted accord-

ing to the sign between them, (+ or -). In all cases an answer is suggested.
If the suggested answer is correct, blacken the space in the column headed
"C" for correct. If the suggested answer is not correct, blacken the space
in the column headed."'" for incorrect.

Sample problems:

C I

1. 11 + 23 = 34

2. 20 -,17 = 3

3. 35 10 = 20

You would blacken the first space marked C (correct) for problems 1 and 2,
because 11 added tp 23 is 34, and 20 minus 17 is 3. For problem 3 you
would blacken the I (incorrect) space,. because 35 minus 10 is 25, not 20.

Your score on this testmill be the number of items marked correctly
minus the number marked i rrectly. Therefore, it will not be to your
advantage to guess un you have some, idea about the correct answer.

You will have 2 minutes for each part. There will be more items than
ypu can finish.,,
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--"5.

.181 - MATHEMATICS APTITUDE TEST

-In this test you will be asked to solve some probl9ms in mathematics.
Solve each problervand put an x on the letter in front of the answer that
you select.

Example:

How many pencils can you buy for 50 cents at the rate
or 2 for 5 cents?

. A 10

B -'20

C - 25

D - 100

E - 125

Your score on this test will be the number marked correctly minus a
fraction of the number marked incorrectly. Therefore, it will not beto
your advantage to guess unless you are able to eliminate one or more4of
the answer choice as wrong.

You will have 10 minutes for this test.

"".
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183 - DECIPHERING LANGUAGES

An archeologist who discoversqsmall fragments of some ancient language
must do a lot of reasoning to put the language together. This is a test.of
your ability to do this kind ofireasoning. 41

For each different artificial language, three expressions in English
and then translations into the language are given. From these you will need
to figure out logically which syllable or which symbol in the language is
equivalent to which English word. Note that the order of the symbols is
consistent for any language, but may be different in each language and
different from English. Make an x on the number of the correct answer.

In each of the two parts there are three different make-believe
languages to bye deceiphered. The first and second are each followed by
three multiple-choice items; the third is followed by six items. This

makes a total of 12 items in each of the two parts, You will have
8 minutes for each part.

AD

O
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184 1 NECESSARY ARITHMETIC OPERATIQNS TEST

This test consists ofproblems in mathematics. However, insteadof
solving.the problems and finding an answer, your task will be merely to
indicate which-arithmetic operations could be used, if-you solved the
problems. Put an X through the number in front'of the option that you
:select. .

Example I

o

If a man earns $2.75 an hour,a how many hours should he work,each day
in order to make an average of $22.50 per day?

1 - subtract,,
-2 - divide
3 - -add

4 - multiply
4

a

In order to solve the problem you should divide $22.50 by $2.75;
therefore, yod should have put an X through 2.

Example. II

Desks priced at'$40 each are being sold in lots of 4 at 85% of the
original price. How much,would 4 desks cost?

1 - divide and add
2 _. .multiply and multiply

3 - subtract and divide'
4.-,4itiply and diVide

A

One *ay to solve the problem would be to multiply $40 by .85 and
then multiply this prodUCt by 4; therefore, you should have put an X
through number 2.. (Although some problems may be solved, in more than
one.way, -as with Exaffple II; only the operations foi one of these ways
will be given among the options.)

When two operations are given, they are always given in the order
in which they should be per6rmed.

Your score on this test well be the number marked correctly\minus
a fraction of the number marked incorrectly.' Therefore, it will not be
to your advantage to guess units you are able to eliminate one d'r more
of the answer choices as wrong.

You will have 5 minutes for thi"s test.

9
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201 - NONSENSE - SYLLOGISMS TEST

This is a test of your ability to 'tell whether a conclusion shows good
or poor reasoning. Although all f thestatementsare really nonstnse, you
are to assume that the first two tatements in each item are correct. The

conclusion drawn from these two s atements may show good nr p &r reasoning.
If the conclusion shows good reasoning, mark the box under the G. If the

conclusion shows poor reasoning, mark the box under the letter P.

Now Took at these examples:

a) All trees are fish. All fish are horses.
Therefore, all trees are horses. a.

b) All trees are fish. All fish are horses.
Therefore, all horses are trees. ,c -b. ',---.

Example a) shows good reasoning so box G has been marked be6icie the al-example
b) shows poor reasoning so boX P was marked for it..,

Now try these practice itemt:

'cr Some swimming pools are mountains. All mountains,
like cats., Therefore, gall swimming pools like
cats,' c.

All swimming pools'are mountains.,,AlL mountain
like cats. Therefore, all swimming pools like
cats. d.

e) All elephants Can: fly. All giants axe elephants.
Therefore, all giants can fly:

f) Some carrots are sports cars. Somdlsports cars
hop. Therefore, some catrats hop. f.

g) No two flowers look exactly the same. Roses

A , and tulips look exactly the same. g.,

Therefore, roses and tulips are not two flowers.

Did you mark P. for item c, G for item d, G for item e, P for item f, and

e.

G fot item g?

Your score on this test will be the number of items answered correctly
minus the number marked incorrectly. Therefore, it will not be to your
advantage to guess unless you have some idea of whether the reasoning is
good or poor.

You will have 4 minutes for this test.
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202 - DIAGRAMMING RELATIONSHIPS

Sometimes the relationships among groups of things are best explained
by diagrams that consist of.overlapping circles. For example, if certain
specific things, let's saflions, all belong to one larger class of things,
let's say animals, you could diagram the situation as'follows:

Amals
lions

In these diadams, we do not tare about the relative sizes of any of the
circles. That is, we are-not suggesting here that a relatively large
proportion of animals are lions, but we are indicating that all lions are
animals. That is why the circle representing lions is drawn entireiy, within
tilt circle that represents animals.

Now that the relationships among, three groups of different things:
birds, pets; and trees. These should be diagrairmed as follows:

trees

This diagram shows that no trees are either pets or birds, but some birds'
are pets and some pets are birds.

Each item in. this test names three groups of things. You are to- choose
from the letter' diagrams at the top of the test pages the one diagra6 that
shows the correct relationships among the three.groups othingS in each item.
Write the letter of-the diagram that you select.

Your score on this test will be the number of correct choices minus a
fraction of the number of incorrect choices. Therefor -e, it will not be to
your advantage to guess, unless you have at least some idea that will help
you make a correct choice.

There are two parts to this test. For each part you will have
4 minutes to complete 15 problems.
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204 - LETTER GROUP REASONING

Vt

.

In this test you I be asked to evaluate as "True".or-"False" some
conclusions that have bee drawn from data that are given to you. For

each set of six items, the data consist of three groups of letters. Read

each conclusion and decide whether or not it follows the data.

Sample Data:

Group I is ABCDEEpG

Grpup II is FGHIJ

Group III is ABCDE

SaMple Items:

A. All III is I

B. Some II is III

r

F

Item A should be marked "True".because all of the letters in Group III are
in Group I; that is, all of Group III part of Group I. Item B should be
°marked "False" because none of the lett rs in Group II are in Group III;
no part of Group II is-a part of Group III.

Each of the two parts has four sets of data, each set having six
conclusions to be evaluated. For conclusions that are "True," blacken the

space under "T". For'conclusions that are "False," blacken the space
under "F".,

Your sjore on this test will be the number of items marked correctly
minus the number marked incorrectly. Therefore, it will not be to your
advantage to guess unless you have some idea about thecorrect answer.

You will have 5 minutes for each part.

, 69
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211 - CARD ROTATIONS TEST

This is a test gf.your ability to see differences in figures. Look at

the 5 triangle-shaped cards drawn below..

All 'of these drawings are of the same card, which has been slid around
into different pbsitions on the page.

Now look at the 2 cards below:

N
These two cards are not alike. The first cannot
be made to look like,the second by sliding it
around on he page. It would have to be flipped
over or ma e differently.

Each problem in this test consists of one card on the left of a vertical
line and eight cards on the right. You are to decide whether each of the
eight cards on the right is the same as or different from the card at the left.
Mark S (same) if the card is the same as the one at the beginning of the row.
Mark D (different) if it is different from the one at the beginning of the row.

0,-

Practice on the following rows. The first row has been correctly marked
foK)you.

I.

II.

Yout'score on this test will be the number of items marked correctly

minus the number marked incorrectly. Therefore, it will not be to your
advantage to guess unless you have some'idea whether the card is the same

or.different. Work as quickly as you can without sacrificing accuracy.

You will have 4 minptes for this test.
J?
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212 - CUBE COMPARISONS TEST

Wooden blocks such as childred play with are.often cubical in shape and
have a different letter or number on each of their six faces (terrbottom, and

four sides). Each problem on the test consist'Sof drawings of two cubes of

this kind. Look at the two palts of cubes below:

S.=1

II. /:-Ne/

SD=

The first pair of cubes is different., The D has been marked because the

two drawings must be of different cubes. If the left cube is turned so that

the A is in front, the N on this cube will be hidden and will be on the side
opposite where it is shown on the-right-hand cube.

The second pair of drawings can represent the same cube. .When the left

cube is rolled over to'the left, the X will no longer show, a C will appear,
and the cubes can be the same. The S has been marked on your answer sheet.

RULE: When a face is hidden on one cube and is turned up on the
secpndrrtlie later 8r number on that face is correc. t unless
that letter or number has already been shown in a different
position on either of the cubes.

Be sure you see that'this pair can represent the same cube.
%

III. ><//'

A

I

G

S=nu

J

Example III should be masked "different" because X cannot be next to the
top of A on the left cube and the bottom of A on the right cube. Example IV

1 is "different" because P has its side next to G on the left cube and its top
next to G on therright cube. Example V is "same."

Your score on this test will be theonumber marked correctly minus the
number marked incorrectly.. Therefore, it will not be to your advantage to

gUtss un i4ifss yog have some idea which choie s correct. Work as quickly as

y-ou, can without sacrificin accuracy.
o

(' You will have 3 minutes for this'tese: Q.
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213 - SPATIAL ASPECTS

Objects look differently to you when you change your 'own position. In

this test each item presents two sketches of the same Object or objects.
Compare the two sketches and decide in.what directions (up, down, riglit,
left) you must have moved, so that the object or objects change from their
looks in the first (left-hand) sketch to the way they look in the second
sketch.

Here aie three sample items:

1.

2.

3.

1.

I

\VNC7.7 2 .

3.

UP SAME DOWN RIGHT SAME. LEFT

SAME DOWN RIGHT. SAME LEFT

UP SAME DOWN RIGHT SAME LEFT

You should mark two answers for each item. In order to make the first.
picture look like the second do you have to move:

At

1. UP and-aiso: 1; to the RIGHT

2. stay the SAME level 11
2. stay at the SAME"level

3. DOWN 3. to the LEFT

In sample 1, above, you see about the saute amount'of the top of the cube,
and so you must be staying at the SAME level. However, you must move to the
RIGHT in order to see the corner pointing straight toward you. Your answer,

,then is SAME-RIGHT.

In sample 2 above, you are directly facing the end or side of a flat piece
of wood. In the second plEture you still face it directly, but you see the
bottom (cross hatched) instead of the top., Therefore, you must have moved DOWN,
butare at the. SAME angle.

NOTE: To avoid ambiguity in some sketches, the lower sides of objects
are. shaded by cross-hatching.
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In sample 3, three objects are seen in space. A move UP makes the
round figure look relatively lower, since it is closer, as is easily seen
in the second sketch. The round figure also appears to be farther to the
left. Since it is closer, this requires a move to the RIGHT. \,_)

1

Your score on this test will be the number of choices (two for each
item) marked correctly minus a fraction of the number marked incorrectly.
Therefore, it will not be to your advantage to guess unless you have some
idea about the correct answer.

You will have 4 minutes for each of the two parts. Each part has 20
items. This means that yoU will have to move along as fast as you can.

K--eP
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261 - TOOTHPICKS TEST

a

In this test you will be asked to make patterns of squeves using
toothpicks. You will be given a pattern of squares-and asked to change
it by removing some of the toothpicks. You can show which toothpicks
are to be removed by drawing a short line through them. Look at the
example below:

Take away 2 toothpicks
Leave 2 squares

1 1

I 1 I

To show, this: You\nark like this: L-
1-4..1._

Whenever you make a pattern it must have complete squares with no
extra toothpicks left over. The example below shows a correct pattern
and an incorrect pattern with a toothpick which is not a part of any
square.

Take away 2 tOothpidks
Leave 2 squares + I I 1_1=1

Correct Incorrect

Sometimes it is possible to make both large and small squares or
to makt overlapping squares.

You will be asked to think of several different solutions for each
item in this test. In some problems you will be told both how many
toothpicks to remove and how many squares to leave; some problems tell
you only how many squares to leave. Each answer that you give for an
item must be a new pattern, based on a different rule or principle, and
not just the same answer turned around or turned over.

Your score on this test will be the number of correct solutions to
each item using different rules.

You will have 5 minutes for this test:
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262 - DRAWING ASSEMBLY TEST

In this test you will put together certain given lines, so as to produce

drawings that can be recognizedias different objects. Little or no drawing

ability is needed, but you will need to think of a lot of different objects
and their names.

t For each of the two parts of this test you T1 be given a set of lines.
Construct or draw as many different objects as yo /Can with these lines and
name each object. No two names can be the same, and more than one drawing
of the same object does not count.

Sample:

Draw as many different objects as you can with 4 straight lines (any
length) and one circle (any size), and write the name of eachobject under it.
You might proceed as shown below. Three objects are given. Go ahead and try

some more, but do not include another table, chair and pillow, or face.

Nis

Table Chair and pillow

.

.

_

Face

. ,

Ytur "dfawings" need not be "good." They should merely be recognizable
as the objects that you name.

Work as rapidly as you can. Your score will be the number of recognizable
`different objects that you draw and name. You will have 4 minutes for each of
the 2 parts of this test. ,
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263 - STORAGE TEST

In this test you will be asked to plan how objects can be stored in
a given space. You will be ask sj. to think of as many different ways as
possible to ax-range the objects in this space.

How many different ways can 4 boxes, like the one on the left below,
be stored in the container shown on the)right? The numbers,on the sides
of the figures and the dotted lines are to help you compare sizes.

Box: Container:

The drawings below show three correct solutions to this problem. Note
that drawings (1) and (2) use the same rule. The rule is that a of the
square ends of the boxes are on the same face of the cube. Drawtng (3) uses
a different rule.

(Z )

Your score on this test will be:

2 points credit for each drawing which shows a new rule
1 point credit for each drawing which is not exactly the

same as earlier drawings but which uses the same rule

You will have 3 minutes for this test.
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